Image feature extraction is an important technology in image matching and retrieval. For the problem of high computational complexity of spatial domain image feature extraction using the SIFT algorithm, and by studying the relationship between DCT coefficient matrix and image, the paper designed the DCT coefficients reduced matrix of image and proposed the algorithm of SIFT feature extraction in DCT domain reduced image. Experiments showed that with the low loss of accuracy in image matching and retrieval, the method proposed can significantly improve the computational efficiency of feature extraction.
Introduction
Image features can be divided into global and local features, global features mainly reflect the statistic information of the whole image while local features describe the details of the structure and texture of local areas of the image [1] , and local features have a higher robustness and a broader application [2] . Existing studies have shown that in the local features SIFT has the highest accuracy [3] [4] [5] , but it also has a high computational complexity and a serious consumption of the computing resources [6] [7] .
Discrete Cosine Transform (DCT) has a good de-correlation and energy focused performance [8] , and all international standards for image and video encoding now have used the DCT-based transform coding [9] . In the process of image compression, the input image is firstly decomposed into blocks of 8 × 8 or 16 × 16, then each image block is carried out with the two-dimensional DCT transformation, DCT coefficients quantization and encoding. The image restoration is an inverse process as mentioned above. This paper designed the DCT coefficients reduced matrix of image and proposed an algorithm of SIFT feature extraction in DCT domain, which reduced the number of SIFT key points and improved the efficiency.
DCT domain reduced image feature extraction and matching based on SIFT
A. DCT domain reduced image construction and SIFT feature extraction DCT transformation is an important mathematical basis of data compression standards such as JPEG, MPEG. In the compression algorithm, after color space conversion, input images firstly is decomposed into 8x8 image blocks, then with two-dimensional DCT transformation each image block is converted into 64 DCT coefficient values and these values are quantized, lastly the compression task finishes with lossless encoding. Decompression is the inverse process as mentioned above. Figure 1 .
DCT-based compression and de-compression model
In DCT coefficients matrix, the main components of the spectral coefficients of image data which represent the low frequency part, locate in the upper left corner of the matrix. And the coefficients reflect high frequency part with small amplitude locate in the lower right corner. Since the main energy of the image is concentrated in the low frequency, we can discard some of the AC coefficient values which are close to or equal to 0. After reducing the DCT coefficients matrix in according with (1), we can get the DCT coefficients reduced matrix which is proposed in this paper.
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Where ( , ) F u v is the DCT coefficient matrix of the image block, and ( , , ) D u v s is the DCT coefficients reduced matrix, s is the reduction scale. As shown in Fig.2 .
Because the DC coefficients between the adjacent image blocks of the DCT domain coefficients reduced image is close, and the AC coefficients are relatively small, the DCT domain coefficients reduced image only has the basic outline of the spatial domain image. As shown in Fig.3 .
Reduced Image DCT coefficients matrix
As the correlation between the adjacent 8x8 image blocks of the image transformed by DCT is strong, it is necessary to smooth the image block using the DC coefficient values, which aims to spread the low-frequency energy evenly in the matrix. The smoothed DCT domain coefficients reduced image is called the DCT domain reduced image in this paper.
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Construct the DCT domain reduced image according to (2) . In Fig.3 (c) we can find that the DCT domain reduced image and the spatial domain image is almost same, with a few small differences in the image quality, such as the screen size and the image details. As shown in Fig.3 (e), this paper focuses on designing SIFT feature extraction algorithm for DCT domain reduced image. 
2) DCT-space fitting degree. Assuming that the matching degree of DCT domain and spatial domain are respectively θ dct and θ space ,then DCT-space fitting degree λ is
If 1 λ > , the effectiveness of the former is better than the latter, otherwise in the case of 1 λ < , the effectiveness of the latter is better than the former.
3) Efficiency upgrade degree. If the processing times to extract the SIFT feature in DCT domain and spatial domain are respectively T dct and T space , then the efficiency upgrade degree of DCT domain η is:
If 0 η > , the method based on DCT domain has a shorter processing time and a higher efficiency than the spatial one, moreover, the larger the value of η is, the higher the efficiency upgrade degree is. If 1 0 η − < < , it is opposite.
Experiments and analysis
Two types of experiments, image matching and image retrieval, are proposed in this paper to test the performance of DCT domain SIFT feature. In the image matching experiment, experimental data come from the Mikolajczyk [3] data set, while in the image retrieval experiment, we used UCID data set. Experiments performed on machine with Intel 8-core CPU with 2.33GHz and 2.93GB memory, 
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A. Reduction scale factor determination In the DCT coefficients reduced matrix and DCT domain reduced image which are proposed in this paper, reduction scale s is an important parameter. In order to determine the optimal s value, we conduct the following experiments.
Select eight images from each of the two data sets above, test the DCT-space fitting degree on the total 16 images, and calculate their efficiency upgrade degree. The average fitting degree and efficiency upgrade degree are shown in Fig.4.   Figure4 .Determination of the reduction scale s . In Fig.4 , efficiency upgrade degree constantly decreases as s increases, but fitting degree is relatively stable. When s =1, we can get a high fitting degree, with the efficiency upgrade degree. So s =1 is set in the following experiments in this paper.
B. Image matching experiments
Mikolajczyk data set comprises eight image subsets of different scene types with different geometric transformations and brightness conversions. Each subset contains six images, and the corresponding six transformations are: View, Scale, Rotation, Blur, Illumination and JEPG Compression.
In the first experiment, firstly, extract the DCT domain and spatial domain SIFT feature for each two image samples of each image data subset, then match them. It means this process was repeated 15 times, and respectively compute the matching degree and the processing time after each time, then get the average values of these 15 times. The results are shown in Table 1 .
In Table 1 , the matching fitting degree of the two methods are both higher than 72% in the image matching process, of which image subset of Trees and UBC are both more than 100%, but the average efficiency upgrade degree using DCT domain method is 4 to 9 times higher than the spatial domain one.
C. Image retrieval experiments
The UCID dataset contains a total of 1338 different content types of images. Firstly, 20 sets of images were sampled from the dataset, each consists of three images taken from different angles on a same content type, so the total image number is 60. Then extract one image from each set to generate a total of 20 images as query image and, the remaining 40 images as the database image. The experimental results are shown in Table 2 . In Table 2 , correct retrieval rate of the DCT domain method was 2% which is lower than that of the space domain method, but the processing time is 12.93 times shorter than the spatial one. It is because the number of SIFT key points for DCT domain method is much less than the spatial
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Instruments, Measurement, Electronics and Information Engineering domain, resulting in a much smaller amount of computation in feature extraction and even in feature retrieval and matching. Thus, with a slight reduction of retrieval accuracy, method using DCT domain SIFT feature can significantly improve the retrieval speed and efficiency.
Conclusions
In this paper, we present a DCT domain SIFT feature extraction algorithm. The algorithm firstly constructs a DCT coefficients reduced matrix, and then smooths the DC coefficients to generate the DCT domain coefficients reduced image, based on which SIFT feature is extracted. The experimental results show that with low loss of accuracy, the DCT domain SIFT feature extraction algorithm can significantly improve the computational efficiency of feature extraction, and will have great practical value in the condition of high real-time requirements.
